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Beta Decay
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Pauli proposed neutrino to 
account for observed beta 

decay spectrum (1930)

 Rutherford: beta rays 
(1899)

 Becquerel: beta rays 
are electrons 

 (1900)

 Fermi: Theory for 
beta decay 

(1934)
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m
τ
 = 966.3 ± 2.1 m

e

λ
τ
 = 1.0

-0.3
+0.7 x 10-8 s

mϴ = 966.7 ± 2.0 m
e

λϴ = 1.3 ± 0.2 x 10-8 s
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Form of the Weak Interaction
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How to pare this down?

In beta decay, pseudoscalar interaction is 
negligible 

Fermi: S, V      Gamow-Teller: T, A
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Unpolarized Beta Decay Spectra

(1) Renton, P.  1990. Electroweak Interactions. Campbriddge University Press.

(1)
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Cobalt-60
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(2)

(3)

(2) Wu, C.S. 1959. Parity Experiments in Beta Decays. Reviews of Modern Physics. 31(3): 783-790.
(3) Greiner W, Müller B. 1996. Gauge Theory of Weak Interactions. Second Edition. Springer.
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The Left-Handed Neutrino
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V-A Form of the Weak Interaction
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Quark Mixing
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The Weak Interaction
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 Down quark changes 
to Up quark

 Antineutrino and 
electron produced

 Mediating particles in 
beta decay include 
W+ and W-
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Weak Matrix Element
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(4) Dubbers D, Schmidt M. 2011. The neutron and its role in cosmology and particle physics. arXiv.

(4)
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Neutron Lifetime
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electron momentum – neutrino momentum
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neutron spin – electron momentum
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neutron spin – neutrino momentum
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neutron spin – proton momentum
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Electron Spin Correlations
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 G: electron spin – 
electron momentum

– In SM, = -1

 H: electron spin – 
neutrino momentum

 N: electron spin – 
neutron spin 
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Threefold Correlations
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All triple products are T-violating

L and R potential BSM searches

D immeasurably small, V proportional to D
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Fourfold/Fivefold Correlations
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However, in the SM,
K = -A               Q = -A
S = 0                 T = -B

U ≈ 0
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BSM Searches: b and b�
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Image by Kevin Hickerson.  2009. UCN Workshop. Santa Fe, NM.
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Jackson, Treiman, and Wyld
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BSM Searches: b and b�
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ϵ
S
 – effective scalar coupling
ϵ

T
 – effective tensor coupling

ϵ
P
 – effective pseudoscalar coupling

ϵ
L
,ϵ

R
 – additional left and right handed 

coupling constants
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(5) Aprahamian A. et al.  White Paper on Fundamental Symmetries.  2015.
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UCN at LANSCE
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History of 
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UCN
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Gas
Maximum

Pressure(torr)
H2 2.6E-07
D2 1.5E-06
Ne 2.0E-05
Ar 1.8E-05
Xe 6.5E-07
CF4 1.6E-06
C4H10 7.1E-08
Air 1.5e-06
3He 3.0E-09

● Goal of 1 second 
precision after new 
source commissioning

● Primary efforts towards 
removing residual gas 
and resolving UCN 
spectral variation 

 n

 n  loss 
 104 n

 n  loss

  n

 loss







  loss
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
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Contributions from the Neutron Team
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Contributions from the Neutron Team

8 ch 
FET 

Board

Vacuum 
break

6 ch Preamp 
Board
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From PDG 2016
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UCNB
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Protons
Protons

● Lack of windows reduces rate
● Only 1 side at HV to date
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UCNB\b
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Resolution permits 
measurements of 

beta decay spectra 
to measure b in 

nuclei
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UCNb
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Difficulties from unexpected background
and equipment failure
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Efforts to measure b
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Nab efforts Additional 
improvements in 

detector calibration,
timing, etc.

UCNAb

Kevin 
Hickerson 
(Caltech) 

working on 
extracting  b
from UCNA
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Thanks for Coming!
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